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A recent analysis by Zimerman (1964 exhibits, at high (2 
L 

altitudes, a departure of the minimum scale sizes observed in ionospheric 

winds from the theoretical minimum reported in my title-referenced 

paper (Hines, 1960, henceforth Paper I). While the departure was in 

an acceptable direction, in the sense that the theoretical minimum 
J':.c. 43 

scale sizes were less than the minimum observed scale sizes, a re- 

examination of the theoretical work seemed to be in order. It 

became apparent that a computational or plotting error had been made 

in the preparation of the diagram depicting conditions at 225 km 

(Fig. 12 of Paper I), and hence in the theoretical curve used by 

Zimerman in his comparison with the data. The present note concerns 

the revisions that are necessitated in Paper I; those necessitated in 

Zimmerman's comparison have been prepared for submission to the Journal 

of Geophysical Research. 

A corrected version of Fig. 12 of Paper I is presented herewith. 

The axes denote values of the horizontal wave number (k ), the rea€ 

component of the vertical wave number (k ), and the reciprocal measures 
X 
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-of these quantities, namely, the horizontal wavelength ( X, E z n  k-i ) 

and the vertical wavelength ( h, G ,Znfcj); the negative of the . .  - _ _ _ _ - - - - - -  
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v e r t i c a l  wave number i s  employed, i n  keeping with the  convention of t he  

o r i g i n a l  t e x t ,  s ince  the  energy of t he  waves i s  bel ieved t o  be propagated 

upward. The r e l a t i o n  between hor izonta l  and vertical  wave numbers i s  

frequency dependent, and is i l l u s t r a t e d  f o r  waves of period 15, 20 and 

40 minutes, r e spec t ive ly ,  by sloping l i n e s  l abe l l ed  i n  corresponding 

boxes. A p a r t  of the  wave spectrum is sub jec t  to severe r e f l e c t i o n  

i n  the  middle atmosphere, a s  ind ica ted ,  and tends the re fo re  t o  be 

missing a t  ionospheric  he ights .  
, . - , * K t  43 

The diagram a s  so far discussed remains unchanged from Fig.  12 

of Paper I. 

those  modes of o s c i l l a t i o n  t h a t  are 'quenched' by viscous d i s s i p a t i o n  

A change i s  required,  however, when we come t o  d i s t i n g u i s h  

from those t h a t  a r e  no t .  The c r i t e r i o n  remains as t h a t  given by 

equat ion (49) of P a p e r  I, or, more accura te ly ,  by equation (48), but  

t he  cor rec ted  computation shows a s u b s t a n t i a l  s h i f t  i n  t he  pos i t i on  

of t h e  demarkation l i n e  from the pos i t i on  marked "erroneous boundary" 

t o  t h a t  marked "corrected boundary". 

by about an order  of magnitude the m i n i m u m  wavelengths t h a t  remain 

unquenched. 

This  s h i f t  is  such as t o  increase 

The o r i g i n a l  e r r o r  may have been due t o  a mistake i n  p l o t t i n g  

the  curve, o r  t o  a computation which employed a kinematic v i s c o s i t y  two 

orders of magnitude lower than tha t  s t a t e d  i n  the  t e x t  (and adopted 

again here) ;  i t  makes l i t t l e  d i f f e rence  now. W e  must, however, _- 
consider  the  consequences of the  r ev i s ion  i n  i t s  app l i ca t ion  t o  r e l a t e d  

arguments. These arguments a r e  to  be found i n  Sec t ion  111.3 of Paper I.  
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F i r s t ,  it should be noted t h a t  no change is required i n  the  

genera l  assessment of representa t ive  per iods and speeds of hor izonta l  

propagation, nor i n  the  arguments t h a t  i nd ica t e  a duct ing of wave 

energy below the  mesopause. The o v e r a l l  range of periods is v i r t u a l l y  

unaffected,  although t h e  long-period l i m i t ,  a t  about 40 minutes, is 

now caused more by viscous damping than by hydromagnetic damping. 

(For c l a r i t y ,  the  hydromagnetic damping i s  not i l l u s t r a t e d  i n  the  

accompanying f i g u r e ;  i t  w i l l  be t r e a t e d  a t  g r e a t e r  length  i n  a paper 

Taken a t  face  value,  the increase  i n  the  importance now 

a t t r i b u t e d  t o  viscous damping strengthens th ree  e a r l i e r  arguments. 

The confinement of the  unquenched spectrum t o  a smaller  domain, unshaded 

i n  the  accompanying f igu re ,  adds weight t o  the  view t h a t  the  r a t h e r  ?f 

1 

smooth observed va r i a t ions  i n  the F region de r ive  from the  h ighly  

i r r e g u l a r  v a r i a t i o n s  i n  the  E region, through a process of upward 

propagation of wave energy combined with a d i s s i p a t i o n  of smal le r -sca le  

modes. Again, the  competing ' c e l l u l a r  wave' hypothesis of Martyn (1950) 

demands the  near ly  t o t a l  r e f l e c t i o n  of wave energy a t  he igh t s  near  o r  - 

above the  F-layer  peak, whereas it is now apparent t h a t  t h e  wave energy 

w i l l  be d i s s i p a t e d  i n  l a rge  measure even if a r e f l e c t i o n  mechanism can 

be envisaged. And, f i n a l l y ,  the  apparent quenching of t h e  waves a t  

he igh t s  near  the  F1 - F2 t r a n s i t i o n  (Heisler, 1958) is more r e a d i l y  

accounted f o r .  

-.: "-" . ,c . .1 , . -. I . . 
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On the  other  hand, and again taking the change a t  face  value,  

- i t  must be recognized t h a t  one point of comparison with the  observat ions 

s u f f e r s  s l i g h t l y .  The smallest unquenched hor izonta l  wavelength is 

increased t o  90 km, and with i t  the smallest hor izonta l  phase speed 

rises t o  6 km/min. 

(Munro, 1958). This s a t i s f a c t o r i l y  exceeded the  previously est imated 

theo re t i ca l  lower l i m i t  (0.8 km/min), but i t  f a l l s  below t h e  cor rec ted  

lower l i m i t .  

The observed speeds range down t o  about 2 km/min 

Neitner t he  Favorable nor the unfavorable aspec ts  of t h e  

changes are q u i t e  so st rong as might be in fe r r ed  from these  ' face-value'  

r ev i s ions .  The reason for t h i s  i s  the  following. The quenching 

c r i t e r i o n  t h a t  has  been employed here' i s  based on t h e  d i s s i p a t i o n  of t he  

g r e a t e r  p a r t  of the  wave energy i n  t h e  course of one period of o s c i l l a t i o n ,  

given no replenishment. 

terms a s  a c r i t e r i o n  f o r  the  d i s s ipa t ion  of the  wave energy i n  t h e  course 

of propagation through one wavelength. That is t o  say, r e l a t i v e l y  l i t t l e  

wave energy should be found i n  a 'quenched' mode a t  a ' d i s t ance  of one wave- 

length fu r the r  i n t o  the  medium ( i .e . ,  obl iquely upward) than the  l e v e l  f o r  

which t h e  ca l cu la t ion  is made. This  i s  a reasonable c r i t e r i o n  fo r  marking 

t h e  l eve l  of quenching, although i t  involves an uncer ta in ty  i n  app l i ca t ion  

t h a t  is of the  order  of a wavelength. 

acceptable  when the  re levant  wavelengths a r e  small ,  as a t  E-region he igh t s ,  

but  we a r e  now confronted with wavelengths of 100 km o r  so. The value of 

t h e  quench ng c r i t e r i o n  is now more r e s t r i c t e d ,  and about t h e  best we can 

It might be r e s t a t e d  i n  more usefu l  physical  

This uncer ta in ty  i s  p e r f e c t l y  
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say is that the transition which is here derived for 225 km should surely 

have become applicable by (say) 300 km altitude. 

This argument may be emphasized by reference to a somewhat 

different approach to the question of dissipation, presented by Pitteway 

and Hines (1963). One of the concepts developed there is the occurrence 

of a level of maximum amplitude for any given mode of oscillation. 

a level arises under the competing influences of an exponential growth 

Such 

of amplitude with height (due to the constancy of energy flux, in the 

presence of a density decrease) and the ultimately overwhelming depletion 

of the energy flux due to dissipation, In waves whose vertical wavelength 

is small compared to the atmospheric scale height, this level of maximum 

amplitude occurs substantially below the quenching level. In the waves 

of present concern, however, it does not. Indeed, application of the 

formulae of Pitteway and Hines reveals that the smallest unquenched 

vertical wavelength, determined from the accompanying figure, in fact . 

represents a mode of o&fllation which is just attaining maximum 

amplitude in the vicinity of the 225-km level. 

In summary, then, Fig. 12 of Paper I requires revision as given 

here. The related discussion in Section 111.3 must be modified as a 

result, although the requisite modifications cannot be made without great 

care in application. 

preting the observed ionospheric data remains -unimpaired. 

The validity of the theory as a means of inter- 

I 
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Figure Caption 

Correct ion t o  F i g .  1 2  of Paper 1. 

The hor i zon ta l  and v e r t i c a l  wave numbers (h, kz) and wavelengths 

(x, 5 m k :  

logar i thmica l ly ,  while i n t e r n a l  grav i ty  waves of per iod 15, 20 and 40 minutes 

a n  k;’ ) provide the  ho r i zon ta l  and v e r t i c a l  scales, > 

a r e  ind ica ted  by t runcated oblique l i n e s .  

a r e  excluded from considerat ion,  as shown by hatching, because of severe 

Major po r t ions  of the kx - kZ domain 

r e f l e c t i o n  i n  the  middle atmosphere or severe damping a t  higher  l e v e l s .  The 

unhatched a rea  then represents  the  modes of g r e a t e s t  importance a t  he igh t s  

of 225 km o r  so, sub jec t  t o  c e r t a i n  approximation8 discussed i n  the text 

and i n  Paper I. 
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